Volatile flavor components of watermelon fruit {Citrullus vulgaris) were obtained by distilling juice under reduced pressure and extracting the resulting distillate with Freon-1 1. The volatiles were separated into acidic and neutral fractions and then analyzed by gas chromatography and gas chromatography-massspectrometry. Fifty-two compoundswere found for the first time as flavor components of watermelon. Among them, the following compounds have not been previously reported as naturally occurring flavor components:
There have been a limited number of reports concerning volatile flavor compounds of watermelon (Citrullus vulgaris), although manyinvestigations of the volatile constituents of closely related fruits such as melon and cucumber have been published. Katayama and Kaneko1) studied watermelon volatiles, identifying 26 compounds by gas chromatography. Kemp et al.2 ) isolated (Z,Z)-3,6-nonadien-1-ol from watermelon flesh and described its odor as reminiscent of watermelon or watermelon rind. Kemp3)identified 18 compounds including 10 aliphatic C9 alcohols and aldehydes from watermelon essence. However, the combination of these compounds was found to be insufficient to reconstruct the fine aroma of watermelon. This investigation was undertaken to identify any additional compounds contributing to the characteristic aroma of watermelon.
MATERIALS AND METHODS

Materials. Watermelon fruits harvested in Ibaraki
Prefecture were used. Twohundred and one kilograms of flesh were obtained by removing rinds and seeds from 438kg of the fresh fruits. The physical properties of the flesh were as follows: Brix, 8.4; pH, 5.5; acid value, 0.74.
Methods. 1) Collection and fractionation of volatile flavor compounds. Twohundred kilograms of the flesh were pressed, and the resulting juice was immediately mixed with 70kg of Mcllvaine buffer solution (pH 6.6) to prevent the development of an off-flavor. The mixture was distilled under reduced pressure (28°C and 10mmHg) and 70 kg of the distillate was extracted with 21 liters of Freon-1 1.
The extract, after drying over Na2SO4, was concentrated to give a flavor concentrate with a strong pleasant odor of watermelon.
The flavor concentrate was separated into acidic and neutral fractions by the usual method. After concentrating to about 0.2ml, the neutral fraction was further separated into 10 fractions by column chromatography, using a 17mm i. b) IR spectrometry. The IR spectrum was recorded on a JASCOIRA-2 spectrometer, using an ultra-micro cavacity cell (2 jul) and a reflecting beam condenser.
3) Preparative GC. Preparative GC was done using a Hitachi Model 163 gas chromatograph with an effluent splitter and a 3mmi.d. x4mglass column packed with 10% PEG 20M on Celite 545 SK80/100. The effluent was proportioned by the splitter at a ratio of 1 to 100, the first portion being passed to an FID circuit and the second to the exit port which was attached to a Teflon tube cooled by dry ice, according to the procedure ofTeranishi et al.4) The column temperature was programmed from 70 to 1 90°C at 2°C/min with the nitrogen carrier gas at a flow rate of 20 ml/min. 4) Sniffing evaluation of the flavor compounds emitted at each peak on the gas chromatograms. A sensory evaluation was accomplished by sniffing at the exit port of a Hitachi Model 163 gas chromatograph fitted with an effluent splitter, while the samples were being eluted. The effluent was proportioned by the splitter at a ratio of 1 to 10, the first portion being passed to an FID circuit and the second to the exit port which was heated to 180°C by a small heater to prevent condensation. A 0.5 mmi.d. x 70m glass SCOTcolumn coated with PEG20 Mwas used. The other operating conditions were the same as those for the GC conditions. In a preliminary experiment concerning the effects of pH on the flavor stability of fresh watermelon juice, it was found that the juice at pH5.6 developed an off-flavor when allowed to stand. Such a flavor change was observed when adjusting the pH ofthejuice to 5.0, 4.5, 4.0, 3.5, and 3.0, or adding NaCl to thejuice. On the other hand, the flavor of the juice was relatively stabilized by adjusting the pH of the juice between 6.0 and 7.0.
5) Syntheses of authentic compounds. 4-Oxononanal and
In this study, therefore, the flavor change during the collection period of the volatiles was minimized by adjusting the pH ofthejuice to about 6.6.
The approximate yield of the total flavor compoundswas 350 mg, which was equivalent to about 1.7ppm of the weight of the watermelon flesh. Table I lists the odor characteristics of the fractions which were obtained from the neutral fraction by column chromatography. Fractions 3, 5, and 6, which together amounted to 90%of the neutral fraction, were considered to be essential to the aroma of watermelon judging from their odors. possess an odor reminiscent of that of watermelon or watermelon rind, has been found in watermelon,2) muskmelon,2) and cucumber.6)
Both Peak 81 and Peak 83 found in Fraction 6 had pleasant, fruity and somewhat green odors, and they were thought to contribute to the fresh note in the aroma of watermelon. Peak 81 was isolated by preparative GC and then used for spectral analyses. Their mass spectral data are listed in Table II . By comparing these data with those of authentic compounds synthesized in our laboratory, these compoundswere identified as 2- As can be seen from Table III, They have also reported that these aldehydes were further hydrogenated to the corresponding alcohols by alcohol dehydrogenase. Kempet al.2) have mentioned possible C18 fatty acid precursors of aliphatic C9 aldehydes and alcohols isolated from muskmelon essence. These investigations suggest that the C9 aldehydes and alcohols identified from watermelon juice have also been formed enzymatically from unsaturated C18 fatty acids. However, it is uncertain whether 4-oxononanal has been produced through enzymatic oxidation. Chang et al.7) isolated and identified 2-pentylfuran as contributing to the reversion flavor of soybean oil, and they have shown a possible mechanism for the formation of 2-pentylfuran via 4-oxononanal from linoleic acid by autoxidation.
Further detailed experiments are necessary to show a possible pathway for the formation of 4-oxononanal in watermelons.
